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TROCAR FOR USE IN DEPLOYING AN ANASTOMOSIS DEVICE 
AND METHOD OF PERFORMING ANASTOMOSIS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to a trocar for use during deployment of an 
anastomosis device and a method of performing anastomosis. In a preferred 
5 embodiment, the trocar can be used for piercing a vessel wall as an initial step in 
forming a sutureless connection between a bypass graft and a blood vessel. 

Brief Description of the Related Art 

Vascular anastomosis is a procedure by which two blood vessels within a 
patient are surgically joined together. Vascular anastomosis is performed during 

10 treatment of a variety of conditions including coronary artery disease, diseases of 
the great and peripheral vessels, organ transplantation, and trauma. In coronary 
artery disease (CAD) an occlusion or stenosis in a coronary artery interferes with 
blood flow to the heart muscle. Treatment of CAD involves the grafting of a 
vessel in the form of a prosthesis or harvested artery or vein to reroute blood flow 

15 around the occlusion and restore adequate blood flow to the heart muscle. This 
treatment is known as coronary artery bypass grafting (CABG). 

In the conventional CABG, a large incision is made in the chest and the 
sternum is sawed in half to allow access to the heart. In addition, a heart lung 
machine is used to circulate the patients blood so that the heart can be stopped and 

20 the anastomosis can be performed. During this procedure, the aorta is clamped 
which can lead to trauma of the aortic tissue and/or dislodge plaque emboli, both 
of which increase the likelihood of neurological complications. In order to 
minimize the trauma to the patient induced by conventional CABG, less invasive 
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techniques have been developed in which the surgery is performed through small 
incisions in the patients chest with the aid of visualizing scopes. Less invasive 
CABG can be performed on a beating or stopped heart and thus may avoid the 
need for cardiopulmonary bypass. 

In both conventional and less invasive CABG procedures, the surgeon has 
to suture one end of the graft vessel to the coronary artery and the other end of the 
graft vessel to a blood supplying vein or artery. The suturing process is a time 
consuming and difficult procedure requiring a high level of surgical skill. In 
order to perform the suturing of the graft to the coronary artery and the blood 
supplying artery the surgeon must have relatively unobstructed access to the 
anastomosis site within the patient. In the less invasive surgical approaches, some 
of the major coronary arteries including the ascending aorta cannot be easily 
reached by the surgeon because of their location. This makes suturing either 
difficult or impossible for some coronary artery sites. In addition, some target 
vessels, such as heavily calcified coronary vessels, vessels having very small 
diameter, and previously bypassed vessels may make the suturing process difficult 
or impossible. 

An additional problem with CABG is the formation of thrombi and 
atherosclerotic lesions at and around the grafted artery, which can result in the 
reoccurrence of ischemia. The thrombi and atherosclerotic lesions may be caused 
by the configuration of the sutured anastomosis site. For example, an abrupt edge 
at the anastomosis site may cause more stenosis than a more gradual transition. 

Accordingly, it would be desirable to provide a sutureless vascular 
anastomosis device which easily connects a graft to a target vessel. It would also 
be desirable to provide a sutureless anastomosis device which is formed of one 
piece and is secured to the target vessel in a single step. 
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SUMMARY OF THE INVENTION 

According to a preferred embodiment, the present invention relates to a 
trocar for forming an incision in a wall of a target vessel such as an aorta and a 
deployment tool for delivering an anastomosis device for connecting the end of a 
5 graft vessel to a target vessel at the site of the incision* The trocar comprises a 
member such as a tubular member having a piercing element and the member 
being adapted to cooperate with a deployment tool such that the anastomosis 
device can be delivered by the deployment tool and the trocar can be withdrawn 
from the incision site prior to deployment of the anastomosis device. 

10 The trocar can include various features. For instance, the piercing element 

can comprise a cutting blade which is movable with respect to the tubular member 
such that the cutting blade can be moved from a cutting position at which the 
cutting blade is exposed to a retracted position at which the cutting blade is not 
exposed. Likewise, the piercing element can comprise a sharpened inclined 

15 surface at the distal end of the tubular member. The tubular member can also 
include distal and proximal portions where the distal portion has a smaller 
diameter than the proximal portion, and the inclined surface is located on a free 
end of the distal portion. In addition, the distal portion can include at least one 
axially extending tear line which allows the distal portion to be split and expanded 

20 over the anastomosis device. 

According to another embodiment of the invention, the tubular member of 
the trocar can include a deformable tubular wall. The tubular wall can include 
openings therein which allow the tubular member to be deformed from a smaller 
configuration to a larger configuration. The openings can include a plurality of 

25 axially extending wall sections and a plurality of circumferentially extending wall 
sections. The inclined surface can be a continuous surface interrupted by a 



-3- 



PATENT 

Attorney Docket No. 032405-005 

plurality of slits extending between the inclined surface and the openings closest to 
the inclined surface. The openings can also include axially extending slots 
arranged in a staggered pattern such that the circumferentially extending wall 
sections intersect a pair of slots. 

5 According to another embodiment of the invention, the piercing element 

can include a vessel wall piercing portion and trimming portion. The piercing 
portion forms the incision upon insertion of the distal end of the tubular member 
into the vessel wall and the trimming portion removes tissue around the incision 
upon retraction of the tubular member. The piercing element can also include a 

10 plurality of axially extending tines at the distal end of the tubular member. In this 
manner, the trimming portion is formed as the cutting edges on outer surfaces of 
the tines, which remove the tissue upon retraction from the tubular member. 

According to another embodiment of the invention, the piercing element 
can include a cutting blade which forms an elongated slit upon insertion of the 

15 piercing element into the vessel wall. The tubular member can include tines at the 
distal end thereof, the tines being separated from each other and from the cutting 
blade by axially extending slits. The distal ends of the tines can be biased in close 
proximity to each other at a location spaced from the distal end of the cutting 
blade. The cutting blade can include two cutting edges which meet at a point and 

20 form an angle therebetween. The piercing element can also comprise a flat 

pointed blade sized to provide the incision with a size smaller than the anastomosis 
device in an expanded condition. 

In accordance with an additional aspect of the present invention, a method 
of performing anastomosis includes the step of using a trocar to form an incision 

25 in a wall of a target vessel such as an aorta. The anastomosis device is then 

inserted into the incision through the trocar. The first portion is manipulated with 
respect to a second portion of the anastomosis device to capture edges of the 
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incision in the target vessel with the anastomosis device such that a fluid passage 
is established between the graft vessel and the target vessel. 

Preferably, the target vessel is an aorta and the method is performed 
without occlusion (i.e., clamping) of the aorta. The end of the graft vessel and the 
edges of the incision in the target vessel can be captured between the first portion 
and the second portion so that the end of the graft vessel abuts an outside wall of 
the target vessel. The anastomosis device can be expandable from a first 
configuration to a larger second configuration where the anastomosis device is 
expanded with an expander to cause a portion of the anastomosis device to fold 
outward forming the first flange. In this regard, the first flange holds a portion of 
the graft vessel in contact with an inner surface of the target vessel. 

The method can also include the step of retracting the trocar over the 
anastomosis device and along the expander prior to expanding the anastomosis 
device with the expander where the trocar is deformed during the retracting step. 
Preferably, the second flange can be formed by axially compressing the 
anastomosis device with a deployment tool. The deployment tool can comprise a 
tube which engages a proximal end of the anastomosis device where the 
compression step is carried out by withdrawing the expander through the tube. A 
groove on the expander can engage tabs on the anastomosis device during 
formation of the second flange. 

According to another aspect of the invention, the anastomosis device can 
be severed into a deployed portion and a discard portion during the step of 
forming the second flange. The anastomosis device can comprise an expandable 
linkage which is delivered through the trocar to the site of the incision, the linkage 
being deformed to an expanded size during formation of the first and second 
flanges, the incision formed by the trocar being smaller than the expanded size. 
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Finally, the first and second flanges can form an angle between 40 and 140 
degrees with an axis of the anastomosis device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The invention will now be described in greater detail with reference to the 

preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 

FIG. 1 is a perspective view of a first embodiment of an anastomosis 
device in a configuration prior to use with a graft vessel everted over the device; 
10 FIG. 2 is a perspective view of the anastomosis device of FIG. 1 in a 

deployed configuration; 

FIG. 3 is a perspective view of an anastomosis device deployment system; 
FIG. 4 is an enlarged perspective view of the distal end of the anastomosis 
device deployment system of FIG. 3 with an anastomosis device prior to 
15 deployment; 

FIG. 5 is a side cross sectional view of the anastomosis device deployment 
system puncturing the target vessel to advance the anastomosis device into the 
target vessel wall; 

FIG. 6 is a side cross sectional view of the anastomosis device deployment 
20 system advancing the anastomosis device into the target vessel wall; 

FIG. 7 is a side cross sectional view of the anastomosis device deployment 
system with an expanded first annular flange; 

FIG. 8 is a side cross sectional view of the anastomosis device deployment 
system expanding a second annular flange; 
25 FIG. 9 is a schematic side cross-sectional view of a deployment tool taken 

along line A-A of FIG. 3, the deployment tool is shown during a vessel 
puncturing step; 
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FIG. 10 is a schematic side cross-sectional view of the deployment tool of 
FIG. 9 shown during an anastomosis device insertion step; 

FIG. 11 is a schematic side cross-sectional view of the deployment tool of 
FIG. 9 shown during an anastomosis device expansion step; 
5 FIG. 12 is a schematic side cross-sectional view of the deployment tool of 

FIG. 9 shown after the anastomosis device has been fully deployed; 

FIG. 13 is a front elevational view of a trocar according to a first 
alternative embodiment of the invention; 

FIG. 14 is a side cross sectional view of the trocar of FIG. 13 with the 
10 blade in the cutting position; 

FIG. 15 is a side cross sectional view of the trocar of FIG. 13 with the 
blade in the retracted position; 

FIG. 16 is a perspective view of a trocar according to a second alternative 
embodiment of the invention; 
15 FIG. 17 is a cross sectional view of the trocar according to FIG. 16; 

FIG. 18 is a side elevational view of a trocar according to a third 
alternative embodiment of the invention; 

FIG. 19 is a perspective view of a trocar according to a fourth alternative 
embodiment of the invention; 
20 FIG. 20 is a perspective view of a trocar according to a fifth alternative 

embodiment of the invention; 

FIG. 21 is a perspective view of a trocar according to a sixth alternative 
embodiment of the invention showing the trocar in a cutting position. 

FIG. 22 is a perspective view of the trocar according to FIG. 22 showing 
25 the trocar in a retracted position; 

FIG. 23 is a perspective view of a trocar according to a seventh alternative 
embodiment of the invention; 
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FIG. 24 is a perspective view of a trocar according to an eighth alternative 
embodiment of the invention; 

FIGS. 25 and 26 are perspective views of a trocar according to a ninth 
alternative embodiment of the invention; 
5 FIG. 27 is a perspective view of a trocar arrangement according to a tenth 

alternative embodiment of the invention wherein a one-piece piercing element can 
be retracted through an opening in a side of an introducer sheath; 

FIG. 28 is a perspective view of a trocar arrangement according to an 
eleventh alternative embodiment of the invention wherein segments of a multi- 
10 piece piercing element can be retracted through openings in a side of an introducer 
sheath; 

FIGS. 29-34 are perspective views of a trocar according to a twelfth 
alternative embodiment of the invention wherein a one-piece piercing element can 
be pivoted as it is retracted through an opening in an introducer sheath, FIG. 29 

15 showing partial retraction, FIG. 31 showing initial pivoting, FIG. 32 showing 

further pivoting, FIG. 33 showing further retraction after completion of pivoting, 
and FIG. 34 showing completion of retraction; 

FIGS, 35-37 show details of an introducer tube which can be used with the 
embodiment shown in FIGS. 29-34; 

20 FIGS. 38A-C and 39 A-C are perspective views of a trocar according to a 

thirteenth alternative embodiment of the invention wherein a one-piece piercing 
element can be supported and retracted by a flexible non-buckling element such as 
a steel strip to a storage position within an introducer sheath; and 

FIGS. 40 A-C and 41 A-C are perspective views of a trocar according to a 

25 fourteenth alternative embodiment of the invention wherein a one-piece piercing 

element can be retracted by a pin and slot arrangement to a storage position within 
an introducer sheath. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the invention it is possible to perform a variety of 
anastomosis procedures, including coronary artery bypass grafting. The term 
"target vessel" is thus used to refer to vessels within the patient which are 
5 connected to either or both of the upstream and downstream end of the graft 
vessel. In such procedures, a large vessel anastomotic device is used with large 
diameter target vessels such as the aorta or its major side branches. 

In deploying a large vessel anastomotic device, the device (with one end of 
a graft vessel attached thereto) is inserted into an incision in a wall of the target 

10 vessel with a deformable section in a first configuration, and the deformable 
section is radially expanded to a second configuration to deploy a flange. The 
flange applies an axial force against the wall of the target vessel. Additionally, 
the flange can be configured to apply a radial force, substantially transverse to the 
device longitudinal axis, against the wall of the target vessel, to secure the device 

15 to the target vessel. For example, the device can have a plurality of deformable 
sections forming distal and proximal flanges. With the proximal and distal end 
flanges deployed, the device can be prevented from shifting proximally out of the 
target vessel or distally farther into the interior of the target vessel. 

The large vessel devices can be configured to connect to target vessels of 

20 various sizes having a wall thickness of at least about 0.5 mm, and typically about 
0.5 mm to about 5 mm. In a preferred embodiment of the invention, the large 
vessel anastomotic device is configured to longitudinally collapse as the 
deformable section is radially expanded. The surgeon can control the longitudinal 
collapse to thereby position the distal end flange at a desired location at least 

25 partially within the incision in the target vessel wall. The surgeon can also control 
the position of the proximal end flange by longitudinally collapsing the device to a 
greater or lesser degree, to thereby position the proximal end flange at a desired 
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location in contact with the target vessel. Thus, regardless of the thickness of the 
target vessel wall, the device can be longitudinally collapsed to position the 
flanges against the target vessel wall and effectively connect the device thereto. 
This feature is significant because the device must be connected to target vessels 
5 which have a wide range of wall thickness. For example, the aortic wall thickness 
is typically about 1 A mm to about 4.0 mm and the aorta diameter can range from 
about 25 to about 65 mm in diameter. Therefore, regardless of the thickness of 
the target vessel wall, the degree of deployment of the proximal end flange, and 
thus the longitudinal collapse of the device, can be controlled by the physician to 

10 thereby effectively connect the device to the target vessel. For example, the 

surgeon may choose between partially deploying the proximal end flange so that it 
is positioned against an outer surface of the target vessel wall, or fully deploying 
the flange to position it in contact with the media of the target vessel wall within 
the incision in the target vessel wall. 

15 In a coronary bypass operation in accordance with the invention, a large 

vessel device can be used to connect the proximal end of the graft vessel to the 
aorta. However, in patients with an extreme arteriosclerotic lesion in the aorta, 
which may result in serious complications during surgical procedures on the aorta, 
the surgeon may wish to avoid this region and connect the proximal end of the 

20 graft vessel to any other adjacent less diseased vessel, such as the arteries leading 
to the arms or head. Further, the devices can be used with venous grafts, such as 
a harvested saphenous vein graft, arterial grafts, such as a dissected mammary 
artery, or a synthetic prosthesis, as required. 

Connection of the large vessel device does not require the stoppage of 

25 blood flow in the target vessel. Moreover, the anastomotic devices can be 
connected to the target vessel without the use of cardiopulmonary bypass. In 
contrast, anastomosis techniques wherein the aorta is clamped to interrupt blood 
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flow to the area of the aortic wall to which a vein is to be anastomosed may result 
in liberation of plaques and tissue fragments which can lead to organ dysfunction, 
such as strokes, renal failure, or intestinal ischemia. However, severely diseased 
aortas may not provide an area suitable for clamping due to significant 
5 calcification of the aortic wall. In the anastomosis technique according to the 

invention, the surgeon does not need significant room inside the patient to connect 
the anastomotic devices to the target vessel. For example, unlike sutured 
anastomoses which require significant access to the aorta for the surgeon to suture 
the graft vessel thereto, the anastomotic devices allow the proximal end of the 

10 graft vessel to be connected to any part of the aorta. All parts of the aorta are 

accessible to the large vessel anastomosis devices, even when minimally invasive 
procedures are used. Consequently, the graft vessel may be connected to the 
descending aorta, so that the graft vessel would not be threatened by damage 
during a conventional sternotomy if a second operation is required at a later time. 

15 According to the invention, a sutureless connection can be provided 

between a graft and a target vessel, while minimizing thrombosis or restenosis 
associated with the anastomosis. The anastomotic devices can be attached to the 
target vessel inside a patient remotely from outside the patient using specially 
designed applicators, so that the devices are particularly suitable for use in 

20 minimally invasive surgical procedures where access to the anastomosis site is 
limited. The devices allow the anastomosis to be performed very rapidly, with 
high reproducibility and reliability, without clamping, and with or without the use 
of cardiopulmonary bypass. 

According to one preferred method of deploying the anastomosis device, 

25 the surgeon operates a deployment tool using both hands. One hand supports the 
tool via a handle while the other twists an actuation knob to deploy the 
anastomotic device. Locating the actuation knob on the tool's main axis 
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minimizes the tendency of reaction forces to wobble the tool keeping it stable and 
in proper position during deployment. The twisting motion is converted to linear 
displacements by a set of rotating cams that engage a trocar, holder, and 
expander. The cams control the sequence of relative motions between the 
5 instrument's trocar and device deployment mechanisms. 

During the foregoing procedure, a surgeon will place the tip of the 
instrument (the mechanical stop) in light contact with the site on the aorta to be 
anastomosed. Having located a suitable site, the surgeon then twists the actuation 
knob to fire the spring-loaded trocar and continues twisting to deploy the 

10 anastomotic device. The trocar penetrates the aortic wall at a high rate of speed to 
minimize any unintended deformation of the aorta and maintains a substantially 
fluid-tight seal at the puncture site. Having entered the aortic lumen, the trocar 
dilates as the anastomotic device and its holder tube (crown) are advanced through 
it, thus retracting the aortic tissue and serving as an introducer for the device. 

15 Once the device has fully entered the aortic lumen the trocar is withdrawn. The 
anastomotic device is then expanded to its full diameter and an inner flange is 
deployed. The device is then drawn outwards towards the instrument (mechanical 
stop) to seat the inner flange firmly against the intimal wall of the aorta. An outer 
flange is then deployed from the external side, compressing the aortic wall 

20 between the inner and outer flanges and the device is disengaged from the 
instrument completing the anastomosis. 

FIG. 1 illustrates the distal portion of an anastomosis device 10 according 
to a first embodiment of the present invention, the proximal portion (not shown) 
being adapted to be deployed by a deployment tool which will be explained later. 

25 The anastomosis device 10 includes a plurality of axial members 12 and a plurality 
of struts 14 interconnecting the axial members. The axial members 12 and struts 
14 form a first linkage 16 at a first end of the device and a second linkage 18 at a 
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second end of the device. The first and second linkages 16, 18 form inner and 
outer flanges 20, 22 when the anastomosis device 10 is deployed as illustrated in 
FIG. 2. The deployed flanges 20, 22 may be annular ring shaped or conical in 
shape. The first and second linkages 16, 18 are connected by a central connecting 
5 portion 24. 

In use, a graft vessel 30 is inserted through a center of the tubular 
anastomosis device 10 and is everted over the first linkage 16 at the first end of 
the device. The first end of the device may puncture part way or all the way 
through the graft vessel wall to hold the graft vessel 30 on the device. An opening 

10 34 is formed in the target vessel 32 to receive the graft vessel 30 and anastomosis 
device 10. Once the anastomosis device 10 with everted graft vessel 30 are 
inserted through the opening 34 in the target vessel 32, the inner and outer flanges 
20, 22 are formed as shown in FIG. 2 to secure the graft vessel to the target vessel 
by trapping the wall of the target vessel between the two flanges. The 

15 anastomosis device 10 forms a smooth transition between the target vessel 32 and 
the graft vessel 30 which helps to prevent thrombi formation. 

The inner and outer flanges 20, 22 are formed by radial expansion of the 
anastomosis device 10 as follows. The first and second linkages 16, 18 are each 
made up of a plurality of axial members 12 and struts 14. The struts 14 are 

20 arranged in a plurality of diamond shapes with adjacent diamond shapes connected 
to each other to form a continuous ring of diamond shapes around the device. 
One axial member 12 extends through a center of each of the diamond shapes 
formed by the struts 14. A reduced thickness section 26 or hinge in each of the 
axial members 12 provides a location for concentration of bending of the axial 

25 members. When an expansion member of a deployment tool such as a rod or 
balloon is inserted into the tubular anastomosis device 10 and used to radially 
expand the device, each of the diamond shaped linkages of struts 14 are elongated 
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in a circumferential direction causing a top and bottom of each of the diamond 
shapes to move closer together. As the top and bottom of the diamond shapes 
move closer together, the axial members 12 bend along the reduced thickness 
sections 26 folding the ends of the device outward to form the inner and outer 
5 flanges 20, 22 with the result that the wall of the target vessel 32 is trapped 

between the flanges and the everted graft vessel 30 is secured to the target vessel. 

In the anastomosis device 10 shown in FIGS. 1 and 2, the struts 14 may be 
straight or curved members having constant or varying thicknesses. In addition, 
the axial members 12 may have the reduced thickness sections 26 positioned at a 

10 center of each of the diamond shapes or off center inside the diamond shapes. The 
positioning and size of the reduced thickness sections 26 will determine the 
location of the flanges 20, 22 and an angle the flanges make with an axis of the 
device when fully deployed. A final angle between the flanges 20, 22 and 
longitudinal axis of the device 10 is about 40 to 140 degrees, preferably about 50 - 

15 90 degrees. 

FIGS. 3-7 illustrate a deployment system 150 and sequence of deploying an 
anastomosis device 120 such as the device shown in FIGS. 1-2 with the 
deployment system. In FIGS. 3-5 the graft vessel 30 has been eliminated for 
purposes of clarity. As shown in FIGS. 3-7, the deployment system 150 includes 

20 a hollow outer trocar 152 (not shown in FIG. 3), a holder tube 154 positioned 

inside the trocar, and an expander tube 156 slidable inside the holder tube. As can 
be seen in the detail of FIG. 4, the anastomosis device 120 is attached to a distal 
end of the holder tube 154 by inserting T-shaped ends 112 of pull tabs 110 in 
slots 158 around the circumference of the holder tube. The trocar 152, holder 

25 tube 154, and expander tube 156 are all slidable with respect to one another 

during operation of the device. A device handle 160 is provided for moving the 
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tubes with respect to one another will be described in further detail below with 
respect to FIGS. 8-11. 

As shown in FIG. 5, initially, the holder tube 154, expander tube 156, and 
the anastomosis device 120 are positioned within the trocar 152 for insertion. The 
5 trocar 152 has a hollow generally conical tip 153 with a plurality of axial slots 162 
which allow the conical tip 153 to be spread apart so that the anastomosis device 
120 can slide through the opened trocar. The conical tip 153 of the trocar 152 
includes a piercing element 155 at its distal end 157. The trocar 152, acting as a 
tissue retractor and guide, is inserted through the wall of the target vessel 32 by 

10 way of piercing element 155 to form an opening 34. As shown in FIG. 6, the 

anastomosis device 120 is then advanced into or through the target vessel wall 32 
with the holder tube 154. The advancing of the holder tube 154 causes the distal 
end of the trocar 152 to be forced to spread apart. Once the anastomosis device 
120 is in position and the trocar 152 has been withdrawn, the inner annular flange 

15 20 is deployed by advancing the expander tube 156 into the anastomosis device. 
The advancing of the expander tube 156 increases the diameter of the anastomosis 
device 120 causing the inner flange to fold outward from the device. This 
expanding of the inner flange may be performed inside the vessel and then the 
device 120 may be drawn back until the inner flange abuts an interior of the target 

20 vessel wall 32. 

As shown in FIG. 8, after the inner flange has been deployed, the holder 
tube 154 is advanced forming the outer flange. As the holder tube 154 is 
advanced, the anastomosis device 120 drops into a radial groove 157 on an 
exterior of the expander tube 156 which holds the anastomosis device stationary 

25 on the expander tube 156. The holder tube 154 is then moved forward to detach 
the entire anastomosis device by disengaging the pull tabs 130 from the slots 158 
in the holder tube and causing the outer flange to be deployed. During 
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deployment of the outer flange, shoulders 134 on the devifcer, 'shown most clearly 
in FIGS. 5 and 6, engage a tapered distal end of the holderltfbe 154 causing the 
pull tabs 130 to be released from the slots 158. Alternative9yv*and as will be 
explained in connection with a frangible anastomosis deviofe recording to the 
invention, movement of the holder tube 154 can detach a deployed portion of the 
device from a throw away portion of the device which reM&rfS.attached to the 
holder tube. ur* .iaVr 

One alternative embodiment of the holder tube 154?&&pl&ys a plurality of 
flexible fingers which receive the pull tabs 130 of the ana^toBabfeis device 120. 
According to this embodiment each pull tab 130 is receiv$'d4y 4n independent 
finger of the holder tube 154. To deploy the second or ouifer r fl§nge of the 
anastomosis device 120, the flexible fingers flex outward-bending the pull tabs 130 
outward. 92 % ? v< : 

FIGS. 9-12 illustrate the operation of the handle PfiO^Snove the trocar 
152, the holder tube 154, and the expander tube 156 witli^^§Gt to one another to 
deploy the anastomosis device 120 according to the preseSt fi^htion. The handle 
160 includes a grip 170 and a trigger 172 pivotally mourife&^O'thS grip at a pivot 
174. The trigger 172 includes a finger loop 176 and thrSPeSntbured cam slots 
178, 180, 182 corresponding to the trocar 152, holder tut^-154, and expander 
tube 156, respectively. Each of these tubes has a fitting : *F84?& i a distal end 
thereof. A pin 186 connected to each of the- fittings 184 &fid^§'ln a corresponding 
one of the cam slots 178, 180, 182. A fourth cam slot ai8!ftftJbe may be added to 
control deployment of the outer flange. Alternatively; th^Miiaie-can be modified 
to include fewer cam slots for deployment of the inner and outer flanges. 

The handle 160 is shown in FIG. 8 in an insertion position in which the 
trocar 152 extends beyond the holder tube 154 and the exjbahdSr tube 156 for 
puncturing of the target vessel wall 32. Optionally, a fle>&&l3*s*eal (not shown) 
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such as heat shrinkable plastic tubing or a molded elastomer can be provided on 
the outer surface of the trocar 152 such that the seal covers the axial slots 162 at a 
location spaced from the tip of the trocar to minimise leaking of blood from the 
target vessel after the incision is formed. As the trigger 172 is rotated from the 
5 position illustrated in FIG. 9 to the successive positions illustrated in FIGS. 10-12, 
the pins 186 slide in the cam slots 178, 180, 182 to move the trocar 152, holder 
tube 154 and expander tube 156. 
2 FK*- 10 shows the handle 160 with the trigger 172 rotated approximately 

% 30 degrees from the position of FIG. 9. This rotation moves the holder tube 154 

g 10 and expander tube 156 forward into the wall of the target vessel 32 spreading the 
111 trocar 152. The anastomosis device 120 is now in position for deployment. FIG. 

J 11 shows the trigger 172 rotated approximately 45 degrees with respect to the 

[7 position of FIG. 9 and the cam slot 182 has caused the expander tube 156 to be 

Ft! advanced within the holder tube 154 to deploy the inner flange. The trocar 152 

O " . ' 1^ h as 2& so been withdrawn. 

r " FIG. 12 shows the handle 160 with the trigger 172 pivoted approximately 

60 degrees with respect to the position shown in FIG. 9. As shown in FIG. 12, 
the expander tube 156 has been withdrawn to pull the inner flange against the 
vessel wall 32 and the holder tube 154 is moved forward to deploy the outer 

20 flange and disengage the holder tube 154 from the anastomosis device 120. 

The handle 160 also includes a first channel 188 and a second channel 190 
in the grip 170 through which the graft vessel (not shown) may be guided. The 
grip 170 also includes a cavity 192 for protecting an end of the graft vessel 
opposite from the attachment end. 

25 FIGS. 13-23 show alternative embodiments of the trocar 152 of FIGS. 3-7. 

The trocar is preferably designed so that it can punch through the tissue of the 
target vessel wall 32 with minimal tearing but permit spreading of the tissue to 
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allow insertion of the anastomosis device through the tubular or hollow tip 153 of 
the trocar 152, In several of the following embodiments the trocar includes a 
tubular member through which the anastomosis device is delivered to the interior 
of the target vessel. However, arrangements other than the tubular member could 
5 be used. In a preferred embodiment, the trocar is actuated by a mechanism which 
causes the trocar to penetrate the aorta wall at a high rate of speed to minimize 
deformation of the aorta and maintain a substantially fluid tight seal at the 
puncture site in a manner similar to a biopsy gun. For instance, a spring 
mechanism attached to the trocar and/or the handle can be used to fire the trocar at 

10 the incision site a preset distance such as around 13 mm. Any suitable actuating 
mechanism can be used to fire the trocar in accordance with the invention. 

FIG. 13 shows a trocar 200 according to a first alternative embodiment. 
The trocar 200 includes a tubular member 202 having a piercing element 204 at its 
distal end. The interior of the tubular member 202 forms a passage for delivery of 

15 the anastomosis device 120. The piercing element 204 includes a cutting blade 
206 and is movable with respect to the tubular member 202. This allows the 
cutting blade 206 to be moved between a cutting position where the cutting blade 
206 is exposed, as shown in FIG. 14, to a retracted position where the cutting 
blade 206 is not exposed, as shown in FIG. 15. 

20 The tubular member 202 is preferably deformable, and can be made from 

materials such as plastic and/or metal. If made from a rigid material, the tubular 
member 202 may include one or more weakened areas such as tear lines which 
allow the tubular member 202 to be split and stripped over the holder tube 154 
(FIGS. 3-7). 

25 In operation, the cutting blade 206 is inserted into and punctures the target 

vessel wall 32 to form an opening 34. The size of the incision formed by the flat 
blade 206 is preferably no greater than the size of the unexpanded anastomosis 
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device to be inserted in the incision. Once the opening 34 is formed, a portion of 
the tubular member 202 moves into the opening 34, as shown in FIG. 14. 
Preferably, the trocar 200 has a flattened tapering shape to stretch or expand the 
opening 34 formed by the cutting blade 206. After a portion of the tubular 
5 member 202 becomes positioned within the opening 34, the blade 206 is retracted. 
The anastomosis device 120 is then deployed into or through the target vessel wall 
32 as shown in FIG. 6 and as described above. During such delivery, since the 
blade 206 is retracted, the flattened shape of the tubular member can be deformed 
into a cylindrical shape. 

10 FIGS. 16-17 show a trocar 210 according to a second alternative 

embodiment. The trocar 210 includes a tubular member 212 having a piercing 
element 214 at its distal end. The piercing element 214 is shaped as an inclined 
surface 215 at the distal end of the tubular member 212. The tubular member 212 
includes distal and proximal portions 216 and 218, respectively. The distal 

15 portion 216 has a smaller diameter then the proximal portion 218, and the inclined 
surface 215 is disposed on a free end of the distal portion 216. Preferably, the 
tubular member 212 includes axial extending tear lines 220 which allow the distal 
portion 216 to be split and retracted over the holder tube. 

To deploy the anastomosis device according to this embodiment, the distal 

20 portion 216 is inserted into the target vessel wall, as described above. In the 

process of piercing the target vessel wall, the beveled tip of the trocar expands the 
incision opening to a diameter larger than the unexpanded anastomosis device. 
The anastomosis device having a graft vessel everted thereover (shown generally 
at 221) is supported on a distal end of the holder tube 222 within the distal portion 

25 216, as shown in FIG. 17. The piercing element 215 punctures the target vessel 
wall, and carries the anastomosis device within the target vessel wall. The tubular 
piercing element 215 and tubular member 212 are then retracted from the target 
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vessel wall over the holder tube 222 with the result that the distal portion 216 
splits along tear lines 220 as it stretches over the bevel on the end of the holder 
tube. 

FIG. 18 shows a trocar 230 according to a third alternative embodiment. 
5 The trocar 230 includes a tubular member 232 with a piercing element 234, where 
the piercing element 234 is formed as an inclined surface 236 at a distal end of the 
tubular member 232. The tubular member 232 is formed as a deformable tubular 
wall, with a plurality of openings 238 along its surface. The openings 238 are 
defined by a plurality of axially extending wall sections 240 and a plurality of 

10 circumferentially extending wall sections 242. The openings 238 allow the tubular 
member 232 to be expanded over the holder tube which results in the tubular 
member 232 being deformed from a smaller configuration to a larger 
configuration. Preferably, the inclined surface 236 is a continuous surface 
interrupted by a plurality of slits 244 extending between the inclined surface 236 

15 and the openings 238. The tubular member 232 may optionally include a tear line 
246, which allows further expansion of the tubular member 232. 

FIG. 19 shows a trocar 250 according to a fourth alternative embodiment. 
The trocar 250 includes a first and second trocar portion 251 and 253, 
respectively. The first trocar portion 251 includes a piercing element 252 in the 

20 shape of a cone with a vessel wall piercing portion 254 and a trimming portion 
256. The first trocar portion 251 includes one or more axial slots 255 which 
allow the trocar portion 251 to be radially expanded during delivery of the 
anastomosis device through the interior of the trocar 250. The second trocar 
portion 253 is a tubular member which also includes one or more axial slots 258 

25 for expansion of the second trocar portion 253 during delivery of the anastomosis 
device. 
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The piercing element 252 is inserted completely within the target vessel so 
that piercing portion 254 forms an incision in the target vessel wall, while the 
trimming portion 256 is also contained inside the target vessel. Once the incision 
is made, the trimming portion 256 is retracted from vessel wall so that tissue 
surrounding the incision is removed by a cutting action between the edge of the 
trimming portion 256 and the facing edge 257 of the second trocar portion 253. 

FIG, 20 shows a trocar 260 according to a fifth alternative embodiment. 
The trocar 260 includes a piercing element 262 disposed at the distal end of a 
tubular member 264. The piercing element 262 includes a cutting blade 266 
which forms an elongated slit upon insertion of the piercing element 262 into the 
vessel wall. Preferably, the cutting blade 266 includes two cutting edges 267 
which meet at a point which form an angle therebetween. The cutting blade 266 
can be flat or have a convex or concave shape (e.g. , the blade 266 can have the 
curvature of the tubular member 264) and sized to provide the incision with a size 
smaller than the anastomosis device in an expanded condition. The tubular 
member 264 can also includes tines 268 at its distal end, which are separated by 
slits 270. Preferably, the distal ends of the tines 268 are biased towards each 
other at a location spaced from the distal end of the cutting blade 266, so that 
upon deployment of the anastomosis device, the incision formed in the target 
vessel wall is minimized. 

FIGS. 21 and 22 show a trocar 280 according to a sixth alternative 
embodiment. The trocar 280 includes a tubular member 282 having a piercing 
element 284 at its distal end. The piercing element 284 includes a piercing 
portion 286 and a trimming portion 288. In this embodiment, the piercing portion 
286 is comprised of a plurality of axially extending tines 290 at the distal end of 
the tubular member 282. The trimming portion 288 comprises cutting edges on 
outer surfaces of the tines 290. 
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The piercing element 284 is inserted completely within the target vessel so 
that piercing portion 286 forms an incision in the target vessel wall 32, while the 
trimming portion 288 is also contained inside the target vessel wall 32, as shown 
in FIG. 21. Once the incision 34 is made, the piercing element 284 and tubular 
member 282 are retracted away from the target vessel wall 32, causing the 
trimming portion 288 to cut away tissue surrounding the incision, as shown with 
reference to FIG. 22. The cut away tissue can be allowed to dangle on the outside 
of the target vessel. When the graft vessel is attached to the target vessel such 
tissue can be used to promote better growth of adjacent tissue between the surfaces 
of the graft vessel and target vessel. 

FIG. 23 shows a trocar 300 according to a seventh alternative embodiment. 
The trocar 300 includes a tubular portion 302 with a piercing member 304 at its 
distal end. The piercing member 304 includes a cutting blade 306, which is 
shaped according to the cutting blade 266 of FIG. 20. In addition, the trocar 300 
includes a plurality of tines 308 at its distal end, which are separated by slots 310, 
Preferably, the distal ends of the tines 308 are biased towards each other at a 
location spaced from the distal end of the cutting blade 306, so that upon 
deployment of the anastomosis device, the incision formed in the target vessel wall 
is minimized. In addition, the tubular member 302 may optionally include an 
additional tine 312, which is positioned between the tines 308, and opposite the 
cutting blade 306. According to this embodiment, the longer tine 312 can be used 
to prevent the shorter tines from impinging the target vessel wall opposite to the 
incision and thus avoid the potential for unwanted spreading of a puncture in the 
opposite wall during delivery of the anastomosis device. 

FIG. 24 shows a trocar 320 according to an eighth embodiment. The 
trocar 320 includes a tubular portion 322 with a piercing member 324 at its distal 
end. The piercing member 324 includes a plurality of cutting blades 326, e.g. 
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four cutting blades oriented at 90° to each other. The trocar 320 includes a 
plurality of elastically deformable tines 328 separated by axially extending slots 
330. Preferably, the distal ends of the tines are biased towards each other during 
formation of an incision but bend outwardly over the deployment tool when the 
trocar is withdrawn from the target vessel. The blades 326 are intended to make 
small slits around the edge of the incision in order to relieve stress in the tissue 
and thus avoid a large tear from propagating along the target vessel. In the case 
of an aorta, collagen is oriented circumferentially and punctures of the aorta wall 
can lead to larger tears than desired when the incision opening is stretched (e.g., 
during expansion of the anastomosis device or the trocar). By providing small 
cuts around the incision it is possible to minimize such tearing. 

FIGS. 25 and 26 show an embodiment of a trocar 340 according to a ninth 
embodiment of the invention. The trocar 340 includes a plurality of axial 
members 342 and circumferential frame members 344, 346. The frame member 
346 is movable along the axial members 342 which pass through openings 348 in 
the frame member 346 whereby the axial members 342 can be moved. For 
example, the frame member 346 can be moved from a first retracted position at 
which the tips 343 of the axial members 342 are brought together (FIG. 25) for 
forming an incision to a second position at which the tips 343 are spread apart for 
spreading the incision to allow introduction of the anastomosis device into the 
incision. The frame member 346 can be moved by any suitable arrangement such 
as a control rod or rods for opening and closing the tips of the axial members. 

According to another aspect of the invention, the trocar assembly can be 
designed so as to punch out a section of the target vessel when the incision is 
formed. For example, the trocar can include a piercing element which forms an 
incision upon striking the target vessel wall and removes tissue surrounding the 
incision by compressing the tissue between the piercing element and another 
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element such as an introducer tube which surrounds the piercing element. The 
piercing element can include a tapered tip for punching through the target vessel 
wall to form the incision and an anvil surface for enlarging the incision formed by 
the tapered tip by trapping tissue between the anvil surface and a surface of the 
5 introducer tube. The anvil surface can have any desired shape such as a flat, 
curved or conical surface which may or may not form an angle such as a right 
angle, obtuse angle or acute angle with a central axis of the piercing element. 
Thus, while the illustrated embodiment has a perpendicular anvil surface, the anvil 
surface could be a conical surface or a flat surface which is skewed (i.e., non- 
10 perpendicular) to the central axis. With such a tool, after the piercing element 

forms the incision, the anvil surface can be used to contact the inner surface of the 
target vessel as the introducer tube is pressed against the anvil surface to cut the 
tissue surrounding the incision. In the case where the anvil surface is at an acute 
angle (e.g., 30 to 60°) the tissue removed by trapping the tissue between the anvil 
15 surface and the introducer tube can be retained in an annular space between the 

anvil surface and a reduced diameter portion (e.g., a shaft) of the piercing element 
extending from the anvil surface in a direction opposite to the tapered tip. By 
cutting the target vessel tissue in this manner (e.g., providing a rounded rather 
than slit type of incision), there is less tendency for the incision to tear when 
20 expanded by the deployment tool and/or expansion of the anastomosis device. 

FIG. 27 is a perspective view of a trocar arrangement according to a tenth 
alternative embodiment of the invention wherein a one-piece piercing element 350 
can be supported and retracted by an elongated member 356 such as a steel strip 
or cable through an opening 352 in a side of an introducer sheath 354. The 
25 piercing element 350 forms an incision upon striking the target vessel wall and 
removes tissue surrounding the incision by compressing the tissue between an 
anvil surface 358 and an edge 360 of the introducer tube 352 which surrounds the 
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piercing element 350. The piercing element 350 includes a tapered tip 362 
formed/ for example, by four ground surfaces extending from the anvil surface 
358 which can have any desired configuration. With such a tool, after the tapered 
tip 362 forms the incision, the anvil surface 358 can be used to contact the inner 
5 surface of the target vessel as the edge 360 of the introducer tube 352 is pressed 
against the anvil surface 358 to cut the tissue surrounding the incision. The cut 
tissjie can be trapped in an annular space surrounding the shaft 364. By cutting 
~2 the target vessel tissue in this manner, there is less tendency for tearing the 

£ opening formed by the punched-out tissue when an anastomosis device is inserted 

y3 10 into the opening or when the opening is expanded by expansion of the anastomosis 
m device. 

m FIG. 28 is a perspective view of a trocar arrangement according to an 

eleventh alternative embodiment of the invention wherein segments of a multi- 

f|j piece piercing element 370 can be supported and retracted by elongated elements 

15 such as steel strips or cables 356a, 356b through openings 354 and 355 in a side 

^ of an introducer sheath 352. Like the piercing element 350, the piercing element 

370 forms an incision upon striking the target vessel wall and removes tissue 
surrounding the- incision by compressing the tissue between an anvil surface 358 
and an edge 360 of the introducer tube 352 which surrounds the piercing element 
20 370. The piercing element 370 is bifurcated along the central axis thereof and 

includes a tapered tip 362 formed, for example, by four ground surfaces extending 
from the anvil surface 358 which can have any desider configuration. With such a 
tool, after the tapered tip 362 forms the incision, the anvil surface 358 can be used 
to contact the inner surface of the target vessel as the edge 360 of the introducer 
25 tube 352 is pressed against the anvil surface 358 to cut the tissue surrounding the 
incision. If desired, however, only one of the piercing element halves can be slid 
forward to form a smaller incision and the other piercing element half can then be 
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slid into the target vessel until the piercing element halves line up to form the 
anvil surface. The cut tissue can be trapped in an annular space around the shaft 
halves 364a, 364b. Upon retraction of the shaft halves 364a, 364b through the 
openings 354, 355 the ring of removed tissue may remain on one of the shafts or 
it can be removed by the surgeon using forcepts or other suitable tool. By cutting 
the target vessel tissue in this manner, there is less tendency for tearing the 
opening formed by the punched-out tissue when an anastomosis device is inserted 
into the opening or when the opening is expanded by expansion of the anastomosis 
device. 

FIGS. 29-34 are perspective views of a trocar according to a twelfth 
alternative embodiment of the invention wherein a one-piece piercing element 380 
can be pivoted as it is retracted through an opening 382 in an introducer sheath 
384. As shown, the piercing element 380 includes side pins 386 which are 
retracted by pull wires or other arrangement (not shown) to accomplish punching 
of the tissue in the manner described above in connection with FIGS. 27-28. 
During such retraction, a pin 388 on the underside of the piercing element 
contacts a stop 390 (FIG. 30) at the end of a slot in the introducer tube 384 
causing the piercing element 380 to pivot about the stop 390 (FIG. 31). Further 
retraction causes an inclined surface 381 of the piercing element to contact an edge 
392 of the introducer tube such that the piercing element 380 rotates out of the 
opening 382 (FIG. 32) until the piercing element flips over (FIG. 33) and is 
pulled to a storage position outside the introducer tube (FIG. 34). When the 
piercing element is in the storage position, the inside of the introducer tube can be 
used for delivery of an anastomosis device to the incision in the target vessel. 

FIGS. 35-37 show details of an introducer tube which can be used with the 
embodiment shown in FIGS. 29-34. The introducer tube 384 is expandable over 
the deployment tool for delivering and deploying the anastomosis device. In order 
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to allow such expansion, the tube 384 includes diametrically opposed cuts along 
lines 384a and includes expander sections 385. As shown in FIG. 37, which 
shows an enlarged view of detail A in FIG. 36, the expander section includes a 
plurality of cutouts 385a in the form of a rhombus and U-shaped cuts 385b, 385c 
5 which form strips 385d, 385e on opposite sides of each cutout 385a. The 

midpoints of the U-shaped cuts 385b, 385c are located along the cut 384a and the 
strips 385d, 385e are deformable to allow separation of the bifurcated tube 384. 
£3 FIGS. 38A-C and 39 A-C are perspective views of a trocar according to a 

yj thirteenth alternative embodiment of the invention wherein a one-piece piercing 

2 10 element can be retracted by a spring steel strap to a storage position within an 

H introducer sheath. As shown in FIG. 38A, the tube 390 is bifurcated along cuts 

y] 

tH 390a, a piercing element extends out of one end of the tube and an elongated 

t± opening 394 (FIG. 38B) is located on one side of the tube between the cuts 390a. 

As shown in FIG. 38C, the piercing element 392 can be retracted into the tube by 
Jl 15 a member such as spring steel strap or cable 396 which extends out of the opening 
M: 394. The piercing element 392 is slidable in a bore in the tube from an incision 

forming position outside the tube to a storage position outside the opening, as 
shown in FIGS. 39A-C, wherein FIG. 39A is a side view, FIG. 39B is a front 
view and FIG. 39C is a sectional view through the axis of FIG. 39B. With this 
20 arrangement, the strap 396 prevents the piercing element from being retracted 
when it is pierced through the target vessel (e.g., aorta wall) and the piercing 
element 392 can then be pulled to the storage position by pulling back on the strap 
396. With the piercing element thus pulled out of the opening 394, an 
anastomosis device can be delivered through the bore in the tube to the incision 
25 site. Because the two halves of the tube can be separated to allow radial 

expansion of the tube, the anastomosis device and the tool for delivering the 
device can be larger than the bore in the tube. 
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FIGS. 40A-C and 41 A-C are perspective views of a trocar according to a 
fourteenth alternative embodiment of the invention wherein a one-piece piercing 
element can be retracted by a pin and slot arrangement to a storage position within 
an introducer sheath. As shown in FIG. 40 A, the insertion tube 400 includes a 
5 retraction tube 402 which is slidable along the outside of the tube 400 to cause 
pins 404 on the piercing element 406 to travel along slots 408 in the tube 400. 
The pins 404 on the piercing element 406 also extend through a circumferentially 
extending slot 410 in the outer tube 402 whereby the piercing element can be 
retracted into an opening 412 until it is held against the retraction tube 402, As 

10 the retraction tube 402 is retracted, the piercing element can be moved from an 
incision forming position outside the end of the tube 400 to a storage position 
within the opening 412, as shown in FIGS. 41A-C wherein FIG. 41A is a side 
view, FIG. 41B is a front view and FIG. 41C is a sectional view through the axis 
of FIG. 41B. With the piercing element thus pulled out of the central bore in the 

15 tube 400 and into the opening 412, an anastomosis device can be delivered 
through the bore in the tube to the incision site. 

The trocars and anastomosis devices described above can be single piece or 
multi-piece devices which are formed by laser cutting or punching from a tube or 
sheet of material. The devices may be provided in varying sizes to join vessels of 

20 different sizes. 

Although the invention has been principally discussed with respect to 
coronary bypass surgery, the trocar and/or anastomosis devices of the present 
invention may be used in other types of anastomosis procedures. For example, 
the trocar and/or anastomosis device may be used in femoral-femoral bypass, 

25 vascular shunts, subclavian-carotid bypass, organ transplants, and the like. 
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The trocar and/or anastomosis devices may be made of any known material 
which can be elastically or plastically deformed such as stainless steel, nickel 
titanium alloys, polymer materials, and the like. 

While the invention has been described in detail with reference to the 
preferred embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 
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